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B i ^ B i ol-g-tb ^{GROWING METHOD FOR Bi THIN FILM AND Bi 

BASED DEVICE} 

.£ l^r ^7l£^-^(electrodeposition)^r °l-§-tr Bi ^ ^)^} #^*r 
£ 2^ ^i7l£^-^ Bi tfltb 1*13 x-ray 3^ sfl€. 

£. 3^r ^7l^^ Bi ^^Hl tflsH ^ y cKK perpendicular)^-^ 7>7ll# 7>^>^ 

*| 4 K<*fM 1*1 si ^^1 7>7l7-1* 0 V(magnetoresistance)Sl ^JHfr iL^fe 

£ 4^ ^7l£#^ o.S. Bi tfl^V^ ^^(perpendicular )°-3. 7V*>^ 

*1 ^ 1*13 7.>7l^%V(magnetoresi stance)^ Ji^^r^- 

£ 5^r ^3^E^^ Bi ^^Hl tfl*>a} ^M H o v 1Kperpendicular)°-S ^l-Tfl* 7]-e}^ 

4 K<HH #^tr l^sl ^ ^ 7.>7l7-]%V( ma g n etoresistance)^ iL 0 ^^ nsflH. 

£ 6^ i^Ei^^ o.S. Bi ^*H1 tfl*M ^HHKperpendicular)£.-3. 7}£}i?l 

*1 A o v ^r°ll A i ^Rjtr 1*1 el 3^ * r 7l*i1Kmagnetoresi stance)^ >gsj-* iL^^- 

£ 7£r ^7l£^-^ Bi !f-V\}6\} 7.V71 7i%V o] ^gj.s. ZLEflH. 

£ 8^ ^l7l£^-^ 20 pn ¥^1^1 Bi cfl*H ^^>7fl# 

(perpendicular), ^ ^(transverse) , ^ ^(longitudinal)^ 37]-*l <y7V*}$i-g- 
^ °-ofl A^] ttf^- 7>7]7^j-^ i£s^ neflH. 
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£ 10^: ^7l£^-^3)- ^3J|Ei^^ ^flS^ Bi ^£.3. o)-g-*l- 

^7^1Jl4 BSE^I^eK spin-polarized field effect transistor, spin FETO^l ^it 31°^^ 
0 <M2} Bi ^ ^ °l-g-3r ^3l*Bi*Hl ^l^K 

<^€ ^ ^ ^Hr^HH t^ 5 ^ A ^(magnetoresi stance, MR) Jl^HI ^tr 

^ x}7]A*<k( an isotropic MR, AMR)* ^^f. ^(magnetization, M) 

^4 hJ-^o] o]^.^ z^ofl £)€^Hr AMR JL^-fe 2 % *1 ^ tiling ^ MR «H1 

S. ^*}3L ^ \i 5}nc]A a f-s] ^fl^^csq. ^^-g-c low-field) Ht3 °1 

-g-£M ajhcl. Ji-sl ^sflc^ 1988 Hi ^1 #*H<3 ^4 A o v ^ #^r3 a^^ofl^ <^ 

<HM-^ (giant mangnetoresi stance, GMR) °l^-tr ^ 0 1 c t. 

<i3> 7ltfl^7)^^- ^Kg- Fe/Cr cJ-^q-eMM ^^S. °1tt ^*}^ (ultrahigh 

vacuum, UHV) 7l#o] ^^ofl afe]- M-i^M (1 nm°l*r)^ ^#^ v ^ v *fl2: 
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7} 7pg^}^7] m^-ol^cf . o] GMR AMR Jl-^HI €■ *r ^ % MR^lS. 

9lf% ^ ^1^1^ O.S %^tr <£^7\ ol^l^cf. ZLeiM-, °l;gtr ^cfl^^I *>S*HJ-3M 

xx\^ ^%Vo) ^Tfl £]^r A% U A =?-2i£\ "fl-f ^>7l^ ^(coupling)*. 

S ^Sfl ^-T^j 3. o]7>^>^-ol ^j^tf^ -g--g-^ *V7fl# 7HH ^SJcf. 

<14> T^T^T^ ^^-o} ^ ^-g-£]7l Al^-*V ^f- 7 0 V^ A >°1 °fl Cu ^ «1 

(spin-valve) ^2i7} 7fl^5^*l ^-t* 

*l^?r ^ #*}^ #4^^ ^ >7l ^ ^-g- &ofl - Qe nfl^- *|- 

e.g., La-Ca-Mn-0) M-E^^r ^Ti tfl7>7l ^(colossal MR, CMR) Jl47> ' "11-?- 

<is> 7>7l7]%volo| a7 j- c)-^ *}-oj 7 > 5^ 5*51 5L€" ^ ^3HH <H*> 

3^ MRCordinary MR, OMR) JL-sj-7}- S"!^. 7>71tK1- jL^f 7}^^} ^i^L 1- 

^ oiob] ; ^ vflw-o] (carrier) 7} ^ AA^ 5.31s ^# ^> ^5}^ 

ol^^S^l #5]-5 9in M-Ej-uj-^ Cu, Au -f-^ ^ ^^^1 OMRtil 

2] B.7}7\ ^-Al%v ^ ci-g- nflo. ^1^> tiV^^(semimeatalic)^ Hl^^(Bi)^ 

^7] ^_7}7}^\ ^jAS ^l^fl GMR jL^iL^Kt 7>7]T]-SJ- JL 

^7> €■ ^H3°l iL^ 
<ie> Bi^ ^4- ^ ^ll&l^ <a*V ^-^ofl al^fl 100 ^-^ 1 ^SLS. ^ ^ -R-Jl ^^=^r 

7}x]5L 3X^r ?A°-3. °\^r ^ °\^\^, ^a(bulk) ^tfl^ ^-4^(single crystal) Bi 
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102^30016173 2003/12/22 
Si 100 pm nflo. ^ jg^. ^o. ^ o_ ^v-^jt. sljueJojc}.. o]^ ^-o] , Bi^r 

jL$-°] &7}*\ ^°-S. °m ^ -^(transport property)^ ^ <3^H| o]-g- 

3<H #o_^, OMR ^-i- M"^^ Si 4. Bi^l =L l^aoil 4 

bM 37fl ^e^Tll sH, ^32f^o.s. OMR Jl-4» M-^^c-il 7K> ^JL^t}. Bi Ji-R-^ 

^H3# M-Bfvfl^ o^o} Bi «Voi-( Thin fii m )^. ^S^Rr ^ l^r^lcf. =L^, 
Bi ^<aM- ^l^Kr ^ tilS^ °lBj£ <^^^ BaF 2 7l^o|| 

MBECmolecular beam epitaxy)# ol-g-*}^ *H*H1 iL^OT. ^a^-S. MBE°fl 

^#^r£^ 0.1 - 1 nm/minS. i^E^ 10 - 100 nm/miiH v]*}<3 nfl-f i^BH , BaF 2 7] 
BiQ 3*1- lattice parameter)^ 7}xlJEL5. ofljqiMAl ^^T-ol 

7>^*>7l nfl^-oll Bi *m 7)^0_S, ^358*1^, ^^8: ^ ^ 

<17> £ a o V 7 ]*V ^o>^. ^fl^i5>7l <?>#^ 3}JL5.*|, -g- ^-^-8: ^-&«\}*\ 

<18> SE*V, ^-^^ ^ ^>7l7i*J- ^Kg. ol-g-^ r\o^ ^7j7.}^\Wr Z\}^-75}^ 

<19> 7 )t\, ^ ^ o)t\9] A^)^. Qx£ ^.e]^^-^^oflAi 

711 M-E}^ ^Jolcf. 
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<20> a o v 7 i -2.^-1- ^^71 ^ ^-g- A o V -^H ^}7]^%V ^ Bi# ^*Hr ¥ 

<2i> ^] ^o.^. ^ wvt^ o. ^oflA^ Bi 1 - 100 mA <?17>*}^ 71^1 

^7l£^-oil cq*}^ Bi ^-fr ^*Rr Bi ^ ^]^^^ ^l^W. £E*h ifl<M 
i^B^ (sputter ingH 7}&<*\] Bi ^-fr ^*Rr Bi ^ ^)2,^ 

^■i: afl^^}. ^<fl ^-^^ 0.1-10 /Wmin^ ^^h§-3. Bi *flS7> 7>^ 

<22> ^7li^-ol] £)tt Bi ^^£.7> nfl-f BB>5 , jO.*] ^E^^ S] *V Bi 

Zl ^H*V ?]}o)7} -g-ol§>^cf. Bi ^ ^-f ZL S-A^o] ^^^fl ^ ^^>7ll £SH?}- 

<23> oj^Tll ^1^^ Bi <^£r ^l^l^B^ ^-^o] -g-o]^>^ ( 7^^-g: °1 

-g-^V^ €*rfe ixff ^ $10 0], 7>7l ^]Ai ^ ^^<ij^7> ^--4 ^ 

r^^T,}^}-^ -§--§-o] 7>^^}-Cf . 

<24> ol^ ; ^aHI ^ Bi SAj ig7>l- f-z^ ^-g- ^^m^-S. 

<25> o^, ^7l£^-ofl o^}cx} Bi ^-8- ^112^4. i 1-8: #7}^*} 

(electrodeposition)-g- Bi ^ ^1^1 ^rtr #3=tr £^£°14. 71^(11)^ ^s}-^ 

3°]*1 ^l^l^l- 11.5 mm>ll. 5 mm 3.7)2] ^(chip) ^Efls. A>-g-^>^cf. 
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^-(working elect rode A}~g-t}- p t 5r-*f-^ ( under 1 ayer ) ( H -E^l ) -|- ajs. d ^ l |e^ 

*8 #*1(DC magnetron sputtering system)* A}-g-*}-^ 100 = vfl£- 7l^Hl ^^M: ^}$! 

-2.^, ^tfl^^-( counter electrode)(13) °.S.^ C(Carbon)^: A}~g-<5}^t}. -8-^ (solution)^- S 
<r^r°ll Bi (bismuth nitrate pentahydrate) , ^-ir ^^>^r# (potassium hydroxide), E^^Ej-^^V 
(L(+)-tartaric acid), *fll-(glycerol ) ^ ^^-(nitric acid)^: ^7r^r°3 Bi -§-^ 

(Bi(N0 3 ) 3 " 5H 2 0)# >M"8-*r£i=T. #£r°lH -^Al^^o.^ Bi ^(12)3 5 

mm X5 mmS. 10 mA^ ^IfPilS.* 0.44 /an/mi n^l ^S|-£-§- -fi-*l*>iS*l ^715. 

^VS^f. 3=tr Jitr ^Utr H^-g: ^*>^ S^Kst irrer )♦ A>-g-§>^cf. 

Bi -g-^S. -*7l ^AlofloflAi A}-g-S} 3} Ol^ofl CfOj:^. ^^o) 7>^£ 

<27> tE*V, i^E^o]] Bi avnv^. ^^s>^cf . ^ (sputter ing system)^: <>l-§- 

Bi 7]*8l-& #7}^^^}*] ^V-8-tr ^ *r-§-*}8^-. RF *>^1B 

€■ ^E^ Al^-g- A}-g-5}$M ^^S-xr 5 x 10-8 Torr °}*\3- -frx]f>}<&JL , ^ 
^S.^ 2 mTorr ♦ -fr^r^. 21*1 ^3 ^ 4r*l*r7l ^*fl E^-^*! 

T^^r 10 cmS. *l-^r4. ^^fe i.o ym/min ^* ^1*}^, Bi ^o] 

^ 3 mm X6 mm 7\ SjS.^- ^a^tf. 
<28> Bi W-a- ^f^H l^el^cf. Bi3 Hlm^ ^ ^^(271.4 °C )# Jisi 

250 - 270 °C 2) fEl^i ^a^V ^o_1 ^S^tf. "2-1-71 ^*fl ^Hr^ JiLnf 
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<29> 7$^Q Bi ^71^ s.^ ^ ^}7l^%V ^#3^ 4-^>^(4-point probe 

method)!- °l-g-*r^ ^^-^>7j]^ 9 T *M 9l7}Z\%JL, 4 K — 300 ■& 

^Ifr-ir ^ (perpendicular), ^ ^(transverse) , ^(longitudinal).^ ^s^M # 
^St^f. Bi ^ ^ ^ ^-^-i- fl«H XRD (x-ray diffraction), SEM 

(scanning electron microscope), AFM (atomic force microscope)^: ^r-S-^rSi 1 ^. 
<30> s. 2^r ^7l_£^-5l Bi ^-^1 tfltr 1^3 x-ray s}€ ^€-8: ^§4. ^ ^}°la5. 

trcf. Bi ^flBH^r ol-g-^nfl ^^7fl(grain boundary) ^ -^(scattering) ^ 

S.ofl a)-ej- OMR S\E.S. ^ €- ^ ^ (polycrystal 1 ine) T2i I&fe 

^^^(single-crystal) 3Hr wH^^r. ^ x-ray 

91 Cr^^^cf. ^ 268 °C^]^ 8*1 ^ x-ray ^ 

Ji^ (003), (006) (009) ^a.7> 3.711 ^7>s>^ ^ v *r &tf. 

(003) (006) (009)^ s]37 r ^7>s>^ 3J£- &^<L3. ^^*}±r ^nltbnf. 4^*1 , 

<3i> 5. 3£- ^7l£^-^ o.^. 4^ Bi SJ-^HI cfl^H ^(perpendicular )^-S *>2fl» 7>*>^ 
*1 4 K°lH <g^e] ^i^^ 7l-7l^-%V( ma g ne toresistance)^ -Si^^^f. ^7>7>74l 

ofl ofEf ^-^^(quasi-liner)^tfl^l ^ *V7l*l*j. (positive MR) 7l^"|- £.o}jl oi^ 3}-§- 
*r ^ *ll^ ^ 9 T ^1 7>7fll- <?]7|-sl-^-i; T^ofl 5,200%^ *>7]*1 
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INS H-eHI&jl, 1^3* ^r*8& ajtfl 80,000%^ ^>7l^^«l» M-^al 

<32> o^7H, ^>7l *13N*r ^4 Qt±. 

<33> MR ratio(%) = {R(H)-R(0)}/R(0) >100 

<34> (R(H)fe 7>7fl ^7} A] 7>7l7^%V, R(0)^ *>?fl Bl^M^ X}7}^) 

<35> <i^e]^. ^>7l7-1%V H7 fl ^ o. <g^^S. Jg.^. ^^0} 7l<?M ^ 

<&r±jL ^ °10£S ojnfl <gol^^ 7>7l7^Valol ^o]^ ^ S ^ ^ 7fl^°flAi<>l a>£ 

7)7i%Vol 3711 ^ 3£r ^l^-7> C^^atS xx) J7 olOcj ^ ^ ^ ^ ofl ^ ^ A^ol 

3711 ^uj- Bi vflSj ^#°1 °J7>^ ^^-7>741<H1 cH^Ai #^§1 ^ 3r*> 
7)9l*\xt 3J°m. tiV^ofl <g^sl ^33. 7]x]7]} sq^ growth)^ 

^^M-Tll 2zZ\ ^Tll^ollA^ Aj-^^-ol ^7-li5}7ll #011-7,1 £} o] ^jzj-^ O.^ A^T^J- 

<36> s. 4^ ^7lH^-^ Bi ^^Hl cHs>o^ ^« 0 V*J=(perpendicular)-°-S. 7}7fl-I- 7>^ 

Ai ^-8: 3^ 7>7l7^%V( magne toresi stance)^ *lSj-« ^.^§cf. 

7^-f ^>7l7^%VHl7> ^Cfl 560 % (H = 9T)# ^Efufl^Zl, AU?.^ 7j S-ofli- 

590 %» ^E^vH^cl-. si MR wl 4 K°flAi ^^Hr €■ 

Sl^, ^« ^ *3r 4 K<HlAi ^^-g- ^3 l^el ^^Sl Al^ofl cfle>^ 7>7l 

^ol7V ^7^1 2]-0>^cf^ ^Olcf. Ol ^-g, £41- ^ Aj^ollAi Bi 7^717-1^- 
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JL^HI <8«-fr °l*l^r SE cf^ A<yo] oi-g-^ ov + 6io c ] ) 4 KoflAi ^^M* ^-f M-E}^ 

^ 2:3 3 ^ -ff-«g€ ^ojlui^ofl 7ltlt!- 3*>^( lattice 

vibrational Sl*lH sg-g- ?$^o} 37 fl ^o}^\ ^0.5. -g- ^ ojrf. u}^ 7.^°§<*\ 

7l^^l JiLJl^ 7l^7l-7l7-l%V Jl^^ -°-^>*l ^^1 -§~g- ^ofl ol^ Tjfl*- jl^o] 

A. 

<37> £ 5^ i^E-l^^ O.S. ^12:^1 Bi ^\<^ ^3 ^^(perpendi ail ar 7}3l» 7}^ 

>H 4 K°1H 'g^sl Si^M 7>7l 7-1 %Kmagnetoresi stance)^ iL^^tf. #7l£.^- 

^^.S. ^l^ Al^fil- ^^-71-^S. ^^Sl ^Sl ^-Mfe 7l^oH ^JL5± ^2}. ^o) nfl-f n^l 

*V 7>7l^%v j^-g. ^.ojcl-. <i^al^ 7>7l7^%l-til^ 30,000 % (H = 9T)S. l^el^ 

«*fl ti] §fl HTll ^Slxi^, *3.7)5L^^r -f-§H *\}^*Y Bi ^°11 al^fl 34. c]^]^ : 
^E^^ ^ Bi «J-«hfr «1^§^ (amorphous) ^^t 5^1 ^l^, 

Ol^ «VnV tfl^oHA-lo) ^e)^^ ig^Kr^* ^7^1 #±X\?)t\} S) ^ ^-43-2-5. °fl-f *1 *1 
tr 7>7l^%V S^l-l- U}E1-Vfl7ll I^Sl^^* 71^1^ $#o] £t$ 

^ftxW, 3.7)7} #7151^ JLS ?H1 «l«fl 2]-7l nfl£-ofl ^.c} \££ A>7l7l%V 

S.S}7\ t+Hl-M-^ 33^5. ^3€4. 
<38> £ 6£- ^E^^ ^13:^ Bi ^o\] tfl«H ^-jsj ^^(perpendicular )-P—§- ^Tfll- ^r*^ 
*1 A o v -&°lH #^tr ^^^1 7>7l 7} * 0 Kmagnetoresi stance)^ ^s}-l- io^c}-. ^7)S.^r 

^11S^ Bi W^l 7J o.^ ^ ^ ^el x\7]z\^*)2\ *}°]7} ^7^V 3* 

^EiB^-t- oi-g-^fl t^-o ^7l£^-* oi-g-fj- ^4 ^e] Al^.^ ^^^7> til 

^ S^r M-ii ^^^ol7l nfl-g-ofl o-oj^ cg^uixHl ^ *V ^-^-iir^ ^^ofl ^ *V 
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600 %(H = 9T)3L ^7l£#^^ A>-g-«fl AlJLS}- nfl-°- .frA].^ ^>7]^%V 7] ^ £_o]jl ol 

4. °1 £:3Rr i^E^^-i- Aj-g-sH ^Mrtr £tr Bi ^eJ-§- *M ^ 5UiL4, 

<39> £ 7^ ^71 0_g_ ^la^l Bi O]-^ A^^J-o} Ji^tf. ^>7l ^ *V 

^tfl 9 T£l < y7>^>7ll<Hl^ z}- 200 %, 420 %, 500 %, 560 %S. 4^4. Bi if-v\)7} ^• 

^l^^- 7>>7l7-1^ JL3f7> 7]*m ^-i- ^ 5fl°-^, <>l^r Bi^ 7.>7l7-1%V Jl^7> ^5^^ 

^(mean free path) ^°14 ^tr ^7}- &7l nfl^-ojcf. ^, w>nv^ j=*|) 7 |. sg^- 

jL3|-7> Ti^ssq- c-11-oi ^6fl sl^s. ^ cf^ 53^- o s v ^ olcf. 

<40> £ go. ^7151^-^ *fl*r€ 20 ^^1^ Bi ^4°fl cfl*H ^l^Mll- ^ 

(perpendicular), ^ #( transverse) , ^(longitudinal)^ 37>4 «J-^=_°5. ol 7 }-6-}£^- 

Tj-Oofl X}7\] Hr€- 7>7l 7} ^ ^^.S- jao^Cf. Bi^l 71-71 ^^Al 7l5-}*f 

OMR ^#.2.3.^ o]^ 7flslol7> Al-Tll ifloiH oj-g-^ 7^ -f ^^Kr Sfe^l ^(Lorentz 
forceHl <3^# ^^Ai ufEl-ul-Tll ^cf. 4^ ^Tfl* ^*>7fl 9J7HH 7>^^i(B)7> # 
^ ^ «oH to l 3<3 7>7l7-l%Voll 7H<5Kr 3.31^ ^ c>l 3^7}- 3 JELS , 

^ ^« ^l^l^l ^T=f. ^CUS ^i^-2f 7>^45l «o V ^°l ^^°1 Sl 1 ^ S^l^£l ^Ol J} 

r}]7> £1<H 47111- ^^-ofl ^<5>7ll 91?}^ 7^^ 7^ ^ 7>7l *J-ol ^^JL ^^^^ 9j 
7>M* ^ 7KV ^ 7>7lA^J-ol 444^ % o_S. ^ ^4. 
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<4i> M t^o^ «h£*fl^ c^tr £lZ}3-2] -§-§- 7>^^>cf. £ 9^ -g- *Qr^2) 

. 7>7l^ <£^r (magnetically soft) 5Es)-*r5|- (saturation magnetization) ^ -f-^>^r°l 
(permeability) €• *fl3.# flux concentrator (91)^*1 ^-^4 ^-o} Bi(92)# °J=^1 *<y.°S 
a] ^«-7>7ill- Bi^l ^ f^l 7l ^ jL^fl- <£^. ttr^i ^ *r3l«- #*l*Kir *>3l^3. -g-§- 

<42> 5£*V, -g- ^ofl o}*V Bi^^-g- -§--g-*H *H3<&5.*fl# ^S§>^t4. £ 10^1 ^ S.*] 

«>sq- ^-o], i^oi 4ii(101)fif ^efl<y(102)# M*r^ ^£r^€ 7fle}<H 

Mr ^*Kr^*cH *1 Bi ^^^^(105)^1 ^^JL, ^^V^l^l *r€- o]^} 
T^q- 7iHB(103)£l ^^S. ^fle)^ >Hl (precessi on) # ^ 

»*] ^^^r^- ^I^]Jlj4 H^H^l^^i (spin-polarized field effect transistor, spin FET)S. 
-§-§- ^ *r ^^f. ^"IJE. 104 ^ 106^ zj-zj- 71^4 ^<£f-i: M-E^t}. 

<43> ^-ol ^-^ofl rrfs^ ^gflo] 7V7]*K> TflSL, ^ AMR, GMR, CMR AS-Q ^ Q?) 
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#£r<>lH Bi -g-^ofl 1 - 100 mA o.l - 10 /Wmin^ #3"§-5. 7] 

&7}S.^<$ <q*H Bi 3* °.3.*Hr Bi ^ *\)^^ . 

2] 

afll^MI A 1 , #7l Bi -g-^ Bi(N0 3 ) 3 • 5H 2 0-8r ^>-g-*>^ Bi ^ ^2:«o v ^. 
3] 

*fll*cHl 31°]*], Bi 7} 31 Q?}*} tf^oJM 600 %, 4 K<*1M 

80,000 % ^T^Ul* Bi tiVnV ^2:^ . 

4] 

aflllMI 9X°]*), Bi ^^}- ^°fl ^(working electrode)-2-S. Pt i&^b Au 

-¥-#(under layer )^g- 50 - 500 A^) ¥^1^. 7}% ^^Hr #7fl«- ^*r^ Bi ^ *fl2: 

5] 

*HrM (counter electrode)-2-3.^r ^.(Carbon)* A}-8-*rfe Bi ^ v 

6] 

*flHMI 9X°]^, 7fl2:€ Bi ^-8: ^f^l>H 250 - 270 °C ^ ^i^Rr £ 

311- S^Itt Bi ^ ^l2:»o v ^. 
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7] 

xJ(\6\}X\ ^ b\ ^ (sputter ingHl S]SH 0.1-10 jan/min^l ^#3. 7l#<*fl Bi 
«VnKg. ^sHr 3* 4^ o_3.S r *r Bi ^ ^llS^. 
[^t 1 * 8] 

*l|7lM 9T^ <&7}X\ ^ofl^ 600 %, 4 IMH 30,000 % 7>7l^%V 

* ?}-g- S}^ Bi ^ *fl2:^. 

[$^8- 9] 

*ll7lH Sl^-H, *fl2€ Bi ^Bj-§- ^f^H 250 - 270°C^ ^£3. I^^^Hr #31 
1- 3L^*Hr Bi ^ ^l2 y o V ^ . 
10] 

ner^S- ^}S. *V&5L Bi *fl^r 1^4^ ^ ^r#°l €• *Hd*A-I- ^Hr^r^Cf lux 

concentrator)^ A}-g-*V 3# ^^-S. *Rr 
11] 

^-^-o} 3. SLfe 7>^tilH^* A>-g-*V ^ ^efl<y <^^3|- ^ll* 0 > Si^r ^7%H] 

[^^*o> 12] 

^ ^^r, A o V 7l ^ ^ ^ 7}^^r aVE^ll: 
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3] 



o Annealed 
• As-grown 




-10 -8 -6 -4 -2 0 2 4 6 8 10 
H (Teste) 



4] 
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6] 




- 0 -8 -6 -4 -2 0 2 4 6 8 10 



H (Testa) 

7] 

6, 

O 20um 




-9-8 -6-4 -2 0 2 4 6 89 



H (Testa) 



[5- 8] 
6i— 




H (Testa) 
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